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Abstract
The purpose of this study was to describe and characterize the frequency and extent of stair-step
artefacts in computed tomography coronary angiography (CTCA) with prospective electrocardiogram
(ECG)-triggering and to identify their determinants. One hundred and forty three consecutive patients
(55 women, mean age 57 +/- 13 years) underwent 64-slice CTCA using prospective ECG-triggering.
Occurrence of stair-step artefacts in CTCA of the thoracic wall and the coronary arteries was determined
and maximum offset was measured. If stair-step artefacts occurred in both cases, a difference between
thoracic wall and coronary artery offset of 0.6 mm or greater was attributed to additional motion of the
heart. Mean effective radiation dose was 2.1 +/- 0.7 mSv (range 1.0-3.5 mSv). Eighty-nine patients
(62%) had stair-step artefacts in CTCA of the coronary arteries (mean offset of 1.7 +/- 1.1 mm), while
only 77 patients had thoracic wall stair-step artefacts (mean offset of 1.0 +/- 0.3 mm; significantly
different, P < 0.001). Stair-step artefacts in CTCA of the thoracic wall were determined by BMI and
weight (P < 0.01), while artefacts in CTCA of the coronary arteries were associated with heart rate
variability (P < 0.05). Stair-step artefacts in CTCA with prospective ECG-triggering are determined by
(a) motion of the entire patient during table travel, particularly in large patients and (b) by motion of the
heart, particularly when heart rates are variable.
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Abstract 
Objective: To describe and characterize the frequency and extent of stair-step 
artifacts in computed tomography coronary angiography (CTCA) with prospective 
electrocardiogram (ECG)-triggering and to identify their determinants. 
Materials and Methods: One-hundred-forty-three consecutive patients (55 women, 
mean age 57±13 years) underwent 64-slice CTCA using prospective ECG-triggering. 
Occurrence of stair-step artifacts in the thoracic wall and in the coronary arteries 
were determined and maximum offset was measured. If stair-step artifacts occurred 
both in the thoracic wall and in the coronary arteries, a difference between thoracic 
wall and coronary artery offset ≥0.6mm was attributed to additional motion of the 
heart.   
Results: Mean effective radiation dose was 2.1±0.7mSv (range 1.0-3.5mSv). Eighty-
nine patients (62%) had stair-step artifacts in the coronary arteries (mean offset of 
1.7±1.1mm), while only 77 patients had thoracic wall stair-step artifacts (mean offset 
of 1.0±0.3mm; significantly different, P<0.001). Stair-step artifacts in the thoracic wall 
were determined by BMI and weight (P<0.01), while artifacts in the coronary arteries 
were associated with heart rate variability (P<0.05).  
Conclusion: Stair-step artifacts in CTCA with prospective ECG-triggering are 
determined by a) motion of the entire patient during table travel, particularly in large 
patients and b) by motion of the heart, particularly when heart rates are variable.  
 
Keywords: stair-step artifacts, low dose, computed tomography coronary 
angiography, prospective ECG-gating, prospective ECG-triggering 
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Introduction 
New computed tomography coronary angiography (CTCA) acquisition 
protocols with prospective electrocardiogram (ECG)-triggering have recently been 
introduced [1] and shown to offer a tremendous reduction of radiation dose [2-6], 
which appears to be a major break through for non-invasive imaging of the coronary 
arteries. When using this technique in a 64-slice CT scanner, the z-coverage during 
image acquisition is only 40 mm, thus 3 to 5 data sets need to be acquired 
subsequently, to image the entire heart. Between two adjacent data sets, the CT 
table needs to travel rapidly and the heart will usually beat twice [2]. If the patient 
(and his heart) position relative to the table remains unchanged during table travel 
and throughout consecutive heart beats, then perfect alignment of two data sets is 
feasible. However, stair-step artifacts due to misalignment of two adjacent data sets 
may occur when the position of the patient on the CT table changes during 
acceleration and deceleration during table travel, when the patient breathes, or when 
the heart does not return to the exact same position within the thorax as during the 
previous data acquisition.    
In order to optimize future scanning parameters, the purpose of this study was 
to describe and characterize the frequency and extent of stair-step artifacts in CTCA 
with prospective ECG-triggering and to identify their determinants. 
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Materials and methods 
Patients 
One-hundred-forty-three consecutive patients with suspected (n=122) or 
known (n=21) CAD referred to CTCA were prospectively enrolled in the present study 
if none of the following exclusion criteria were present: hypersensitivity to iodinated 
contrast agent, renal insufficiency (creatinine levels >150 µmol/L, or >1.7mg/dl), non-
sinus rhythm, or heart rates >65 bpm when beta-blocker medication was not feasible. 
The study protocol was approved by the institutional review board and written 
informed consent was obtained. 
 
CT data acquisition and post-processing 
All patients were thoroughly instructed about the course of events during the 
examination. A single dose of 2.5 mg isosorbiddinitrate sublingual (Isoket, Schwarz 
Pharma, Monheim, Germany) 2 min prior to the scan was administered in all 
patients. In addition, intravenous metoprolol (5 to 20 mg) (Beloc, AstraZeneca, 
London, UK) was administered prior to the CTCA examination if necessary to 
achieve a target heart rate <65 bpm. Furthermore, the inspiration level (shallow, 
normal, or deep inspiration) with the lowest and most stable heart rate was 
individually determined, and breathing commands were practiced repetitively prior to 
scanning. For CTCA, 80 ml of iodixanol (Visipaque 320, 320 mg/mL, GE Heathcare, 
Buckinghamshire, UK) at a flow rate of 5 mL/s followed by 50 ml saline solution was 
injected into an antecubital vein via an 18-gauge catheter. Bolus tracking was 
performed with a region of interest placed into the ascending aorta, and image 
acquisition was started 4 s after the signal density reached a predefined threshold of 
120 Hounsfield units.  
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All CTCA examinations were performed with a LightSpeed VCT XT scanner 
(GE Healthcare) and prospective triggering using a commercially available protocol 
(SnapShot Pulse, GE Healthcare) and the following scanning parameters: slice 
acquisition 64 × 0.625 mm, smallest x-ray window (only 75% of the RR-cycle), z-
coverage 40 mm with an increment of 35 mm, gantry rotation time 350 ms, body 
mass index (BMI) adapted tube voltage (100kV:  BMI <25kg/m2, 120 kV: BMI 
≥25kg/m2) and effective tube-current (450mA: BMI <22.5kg/m2, 500mA: BMI 22.5-
25kg/m2 , 550mA: BMI 25-27.5kg/m2, 600mA: BMI 27.5-30kg/m2, 650mA: BMI 30-
40kg/m2, 700mA: BMI >40kg/m2). Scannning was performed from below the tracheal 
bifurcation to the diaphragm, choosing 3 to 5 scan blocks (field of view 11 to 18 cm). 
By choosing the smallest possible window at only one distinct enddiastolic phase of 
the RR-cycle (i.e. 75%) we ascertained the lowest achievable effective dose delivery, 
the effective dose of CTCA was calculated as the product of the dose-length product 
(DLP) times a conversion coefficient for the chest (k = 0.017 mSv/mGy x cm) as 
previously suggested [7,8]. Heart rate variability was assessed as the standard 
deviation of the heart rate throughout the scan as previously reported [9]. All patients 
were carefully monitored during the examination to assure that breathing commands 
were adequately followed. All images were transferred to an external workstation 
(AW 4.4, GE Healthcare).  
 
CT image analysis 
First, two readers in consensus determined on sagittal reconstructed images if 
stair-step artifacts occurred in the thoracic wall or if all data sets (3 to 5 sequential 
image stacks) were perfectly aligned (Figure 1A, 1C, and 1E). Second, both readers 
determined on axial, coronal, sagittal, and multiplanar reconstructed images 
wheather stair-step artifacts occurred in any coronary artery segment [10] (Fig. 1B, 
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1D, and 1F). Furthermore, with an electronic caliper tool one reader measured the 
maximum offset between two data sets (i.e. the maximum offset of an anatomic 
structure in a stair-step artifact) in the thoracic wall and in the coronary segment with 
the most severe stair-step artifact. Finally, the differences between the offset in the 
thoracic wall and the offset in the coronary arteries (in mm) were calculated. A 
difference larger than 0.6 mm (i.e. larger than the isotropic spatial resolution of the 
scanner) was considered to be relevant (Fig. 1E and 1F).  
 
Statistical analysis 
Quantitative variables were expressed as mean ± standard deviation and 
categorical variables as frequencies, or percentages. Differences in the occurrence 
of stair-step artifacts in the thoracic wall and in the coronary arteries were tested for 
significance by using χ2-tests for comparison of cross tables. Measurement 
differences compared between the maximum offset in a stair-step artifact in the 
thoracic wall and in the coronary arteries in a patient were determined using the 
Wilcoxon signed rank test. Mann-Whitney-U-tests were used to determine 
differences in heart rate, heart rate variability, BMI, and weight in groups of patients 
with or without stair-step artifacts in the thoracic wall and in patient groups without or 
with (or with pronounced) stair-step artifacts in the coronary arteries. A P-value of 
<0.05 was considered to indicate statistical significance. SPSS software (SPSS 15.0, 
Chicago, ILL, USA) was used for statistical testing.  
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Results 
CTCA was successfully performed in 143 patients; demographics are given in 
table 1. Eleven additional patients did not meet the inclusion criteria because CTCA 
was not feasible due to non-sinus rhythm (n=6), or because heart rate could not be 
sufficiently reduced with beta-blocker medication (n=5). In addition, 13 patients were 
not included because they did not follow the breathing commands properly.  
The mean heart rate of the study population was 57.6±6.1 bpm (range 44-75 
bpm), the heart rate variability 1.5±1.0 bpm (range 0.2-5.3 bpm), the mean BMI was 
25.6±3.7 kg/m2 (range 18.2-38.8 kg/m2), and the mean weight was 74.9±14.2 kg 
(range 46-115 kg). Thirty-six of 143 patients (25%) were on beta blocker medication 
as part of their baseline medication; additional intravenous beta blockers were 
administered for heart rate control prior to CTCA in 96 patients (67%). The mean 
DLP from CTCA was 125.8±40.7 mGycm (range 58.3-207.9 mGycm) resulting in an 
estimated mean applied radiation dose of 2.1±0.7 mSv (range 1.0-3.5 mSv). 
Eighty-nine of 143 patients (62%) had stair-step artifacts in the coronary 
arteries with a mean offset of 1.7±1.1 mm, while only 77 of them (54%) had thoracic 
wall stair-step artifacts (mean offset of 1.0±0.3 mm). Thus, stair-step artifacts were 
significantly more frequent in the coronary arteries than in the thoracic wall 
(P<0.001), with a significant offset difference of 0.5±1.1 mm (P<0.001). In 41 patients 
the offset difference was ≥0.6 mm suggesting that the stair-step artifact was 
predominately caused by motion of the heart, rather than by motion of the entire 
thorax. 
 
 
 
Page 8 of 21
European Radiology, Editorial Office: Neutorgasse 9/2a, 1010 Vienna, Austria
European Radiology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
 8
Determinants of stair-step artifacts  
The occurrence of stair-step artifacts in the thoracic wall was associated with 
higher BMI and weight (P<0.01, Fig. 1E, 1F, and 2), but not with heart rate or heart 
rate variability (P=0.64 and P=0.06, respectively). 
On the other hand, the occurrence of stair-step artifacts in the coronary 
arteries (either more pronounced than in the thoracic wall or exclusively occurring in 
the heart) were associated with high heart rate variability (P<0.05, Fig. 1C, 1D, and 
3), but not with heart rate (P=0.62, Fig. 3), BMI or weight (P=0.12 and P=0.09, 
respectively).  
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Discussion 
The description and characterization of stair-step artifacts in CTCA with 
prospective ECG-triggering and the validation of their determinants is essential for 
identifying the patient population that will benefit most from this new scanning 
technique. Our study adds to the previous knowledge [2,4,11] on CTCA with 
prospective ECG-triggering the following results: (i) Stair-step artifacts in CTCA with 
prospective ECG-triggering are more frequent and more severe in the coronary 
arteries than in the thoracic wall. (ii) Stair-step artifacts in the thoracic wall are always 
accompanied by artifacts in the coronary arteries and are determined by motion of 
the entire patient during table travel, which occurs particularly in large patients. (iii) 
Stair-step artifacts which occur predominantly in the coronary arteries are determined 
by heart rate variability.  
 
When the heart rate varies during CTCA, non-proportional shortening and 
prolongation of the cardiac phases occurs [12-14]. In CTCA with prospective ECG-
triggering data acquisition is performed at a fixed percentage interval of the cardiac 
cycle, and with varying heart rate imaging will be performed in slightly different 
phases of the cardiac cycle. If this happens, perfect alignment of consecutive data 
sets is not feasible, and coronary artery stair-step artifacts will occur [9]. This is line 
with results from Shapiro et al. reporting a significant though weak relation between 
heart rate variability and the occurrence of stairs-step artifacts in a 64-slice CTCA, 
using a helical scanning protocol [15]. The latter may account for the fact that stair-
step artifacts were considerably less frequent in those patients (18 of 150 patients) 
as compared to our study population (41 of 143 patients). In helical CTCA table travel 
is continuous during image acquisition, and therefore an impact of body physique on 
the occurrence of stair-step artifacts appears to be less likely, further explaining the 
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higher prevalence of stair-step artifacts in the present study compared to the 
previously mentioned study [15]. However, the higher prevalence of stair-step 
artifacts caused by cardiac motion in our study may also have been favoured by our 
low-dose scanning protocol with a narrow acquisition window, precluding image 
reconstruction in another phase [16,17]. 
 
Stair-step artifacts in CTCA can also be secondary to respiratory motion 
during data acquisition [18,19] and then affect both, the thoracic wall and the 
coronary arteries. In the present study respiratory motion as a cause for stair-step 
artifacts was carefully excluded, and we found that stair-step artifacts in CTCA with 
prospective ECG-triggering, occurring simultaneously in the thoracic wall and in the 
coronary arteries, are more frequent in heavy and obese patients. This is most likely 
caused by relative motion of the patient versus the CT table during rapid acceleration 
and deceleration of the table, required to move the patient between blocks of 
acquisition in the prospective triggering mode. This effect is more pronounced in 
heavy and particularly obese patients with unfavourable body fat distribution, 
aggravating the potential for stair-step artifacts.  
Latest scanner generations with 256 and more slices have a large detector 
width allowing to cover the entire heart in one heart beat. Therefore, prospective 
triggering can be successfully used in such devices [20] to reduce radiation dose 
without stair-step artifacts caused by heart rate variability and table movement.  
 
We acknowledge the following limitations to our study. Quantification of stair-
step artifacts is only possible in the x- and y-plane, while no measurements are 
feasible in the z-plane. However, due to the curved anatomy of the thoracic wall and 
the coronary arteries, one can reasonably assume that the measured offset in the x- 
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and y- plane provides an adequate estimate for the extent of stair-step artifacts in all 
3 dimensions.  
Furthermore, we did not assess the impact of stair-step artifacts on the 
diagnostic accuracy of CTCA by comparing our findings with the reference standard 
invasive coronary angiography. Therefore, future studies on diagnostic accuracy of 
low dose CTCA with prospective ECG-triggering are required.  
 
In conclusion, stair-step artifacts in CTCA with prospective ECG-triggering are 
determined a) by motion of the entire patient during table travel, particularly in large 
patients and b) by motion of the heart, particularly when heart rates are variable. Our 
findings suggest that even a perfectly regular heart rate may not entirely eliminate 
stair-step artifacts, as these can only be fully avoided by eliminating the need for 
table travel. 
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Figure legends  
 
Figure 1:   
Sagittal reformations of the thoracic wall (A, C, and E) and curved multiplanar 
reformations of the right coronary artery (B, D, and F) in three different patients. 
Images A and B demonstrate perfect alignment of the thoracic wall and of the 
coronary arteries in a patient with a mean heart rate of 59 bpm, a heart rate variability 
of 1.0 bpm, a body mass index (BMI) of 23.4 kg/m2, and a weight of 62 kg.  
Images C and D demonstrate perfect alignment of the thoracic wall, but a 
stair-step artefact (maximum offset 2.6 mm, arrow) in the coronary arteries in a 
patient with a mean heart rate of 54 bpm, a heart rate variability of 3.0 bpm, a BMI of 
25.8 kg/m2, and a weight of 79 kg.  
Images E and F demonstrate stair-step artefacts in the thoracic wall 
(maximum offset 1.5 mm, arrow) and in the right coronary artery (maximum offset 2.0 
mm, arrow) in an obese patient with a mean heart rate of 50 bpm, a heart rate 
variability of 1.6 bpm, a BMI of 33.6 kg/m2, and a weight of 85 kg.  
 
 
Figure 2:  
Box plots demonstrate mean weight (A) and mean body mass index (B) in 
patients with and without stair-step-artifacts in the thoracic wall. Mean weight and 
mean body mass index significantly differed between both groups (P<0.01). Box = 1st 
to 3rd quartiles, mid line = median, whiskers = minimum and maximum values, circle = 
mild outlier, asterix = extreme outlier.
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Figure 3:  
Box plots demonstrate mean heart rate variability (A) and mean heart rate (B) 
in patients with and without stair-step-artifacts in the coronary arteries. Mean heart 
rate variability significantly differed between both groups (P<0.05), while the mean 
heart rate did not (P=not significant, n.s.). Box = 1st to 3rd quartiles, mid line = median, 
whiskers = minimum and maximum values, circle = mild outlier, asterix = extreme 
outlier.
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Table 1.  Patient demographics 
Number of patients 143 
Age in years (mean ± SD) 57 ± 13  
Female gender 55 
Male gender 88 
Body mass index in kg/m2 (mean ± SD) 26 ± 4 
Weight in kg 75 ± 14 
Coronary risk factors 
        Smokers 
        Hypertension 
        Diabetes 
        Positive family history 
        Dyslipidemia 
 
49 
76 
11 
46 
65 
Clinical symptoms 
        None 
        Typical angina 
        Atypical chest pain 
        Dyspnoea 
 
36 
22 
68 
17 
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